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WDELING AND SIMULATION FOR TEE DESIGN AhD EVALIM ‘TON
OF ADVANCEDHATSM.ALS ACCOUNTINGSYSTEMS*

13a.essn A, Dayem
Los Alamoa Scientific Laboratory

Los Alersos, New Mexico, USA

Abctract——

Modeling and simulation techniques ● re used
to design and ●valuate advanced materials mea-
surement and accounting systems for future
nuclear fuel cycle facilities, using dynamic
models of proceos and measurement operations.
These techniques ●re required because operating
data from modern facilities ● re not available.
The Los Alamos safeguards modeling and simulation
●pproach is discussed ●nd is illustrated by a
simple example.

I. Introduction

Effective safeguards control of special
nuclear material (SNN) in a nuclear fuel cycle
facility requires the ●bility to drew materials
bslances ●bout the facility or portions of the
facility. In the past, the ●ccountability of
nuclear materials and the detection of unauthor-
ized removals have relied, almost exclusively,
on dizcrete-item counting ●nd materials-balance
●ccounting following periodic shutdon, cleanout,
●nd physical inveritory. The classical materials
balance ●ssociated with this system usually is
drawn around the ●ntire facility or a major por-
~ion of the procees, and is formed by adding all
mennured receipts to the initial msasured inven-
tory ●nd ●ubtrscting ●ll meazured remo~Jals and
the final measured inventory. Although conven-
tional materiala-balance ●ccounting is essential
to safeguard control of nuclear material, it has
inherent limitation in sensitivity ●nd timeli-
ness. Sensitivity is limited by measurement
uncertainties that might obncure the diversion
ot ● trigger quantity of SNM in a Iti:ge through-
put plant. Timeliness is limited by the infre-
quency of process shutdown, cleanout, ●nd physi-
cal inventory; i.e., ● loss of material could
remain undiscovered until the next inventory ia
taken.

Safeguards ●ffectiveness can be improved if
conventional msteriala ●ccounting procedures ● re
augmented by dynamic materials accounting and
control. The materials measurement ●nd account-
ing ●yatem (MIAS) ia designed for near-real-time
control of SNN and incorporates the concepts of
unit process ●ccountirr?, dynamic materials bal-
aoces, snd graded safeguards. The goal of model-
ing and ●imulatioo of the proceaa ●nd memaurement
qatem for ● nuclear faciiity ia the design and
subsequent evaluation of a WAS that ia based on
● specifi: reference facility ●0 that realiatic
quantitative conclusions can be reached.

11 Hodeling and Simulation Approach=

The daaign arrd evaluation of the MM mat
frequently be baaed on c~uter simulations of ●

Whia work was performed ● s part of the US
Department of Energy+ffice of Safeguard ●nd
6tcurity Research ●nd Devalopmant Progr~.

reference facility becauae neither the facility
nor its safeguards system presently ●xist in
readily wdifiable form. Usually we are working
with the design of nuclear facilities that are
expected to be built some years in the future ●nd
rarely can we ●xpect to change or to ●xperiment
with facilities already literally cast in con-
crete. Furthermore, the use of simulation tech-
niques permits prediction of the dynamic behavior
of matsrials flows under a wide range of operat-
ing parameters end ●ccumulation of data quickly
for relatively long operating periods. Alterna-
tive measurement strategies are readily compared
and safeguards data ●nalysis ●lgorithm can be
tested. In principle, the necessary data could
be obtained from ●xperiment on teat loops and
mock-ups of the plant operation, but this is both
time consuming ●nd expensive. Carefully selected
test 100pa can be more effectively used to vali-
date the computer mndels and to teat portions of
the final design of the FDtAS.

Hodeling and simulation of a facility and
its MtAS constitute ar. essential part of the
conceptual design of safeguards systems. MMAS
design concepts are developed by (1) identifying
key measurement points and appropriate measure-
ment techniques; (2) compsrinL potential mate-
rials control strategies; (3) developing and
testing appropriate data-analysis ❑ethods; and
(4) quantitatively ●valuating the MXAS’S capabil-
ity to detect diversion.

The modeling and simulation rnpproach has
been used extensively in safeguards concepts
studies of chemical separations, mixed-oxide
f!Je 1 f&bricaticn,2 nitrate-to-oxide conver-
sion 3 ●nd coconversion,4 and faat
facilities.s ~ia

critical
●pproach requires 6 (1) ●

detailed dynamic model of the process based on
●ctual design data; (2) simulation of the model
process on a digital computer; (3) u dynamic
model for each measurement system; (4) .~imulation
of ●ccountability measurements applied to SNM
flow ●nd in-process inventory data generated
using the model process; and (S) ●valuation of
simulated data from various meteriala ●ccounting
strategies.

IiI. Proceaa Model

A detailed reference proceaa design ia re-
quired for making quantita ive ●stimatea of POW
sensitivity bacause process variability, partic-
ularly in the levels of in-process inventory and
material sidestreams (e.g., scrap, waste, and
recycle), can have ● significant effect on mat.e-
rialn control. For example, the Bamwell Nuclear
Fue 1II Processing Plant7 ●t Barnwell, South
Carulina (BNFP) waa selected ac the reference
chemical oeparatiotm facility; the model nitrate-
to-oxide conversion facility waa baaed on ● ref-

~.9 and the Ue@tinghouae-
● rence design by Sava nah Iiiver Laboratory ●nd
Savannah River Plant;
Anderson deaiRn was

‘alected ● ’ ‘he. r%rencefacility for mixed-oxide fuel fabrlcat~on.



operation of s model process “.s simulated
using standard ?lonte Carlo techniques developed
for dynamic ‘y ’tern* .11,12 me dynamics of
●ach procea~ step are described by the continuity
equation written for the flows of bulk material
●nd SNM:

v“ z F
i’

i
(1)

“ XciFiSB-
i

ith material flow,
volumetric or maes

materi sIl ( inputs
negative),
SW concentration,

flw rate of bulk
positive, outputs

bulk volume or weight,
in-process inventory of NM,
time derivative, ●nd
swmzation over all materials flows.

The solution of the complete aet of coupled dif-
ferential equationa for all process steps, sub-
ject to initial conditions and subsidiary ccm-
atraints, describes the process dynamics. Random
variation in the process is determined by the
statistics selected for the independent process
variables. The independent variables sre
selected after ● detailed examination of the
process ●nd the operating procedures.

A computer code is developed to simulate
the operation of the model process. The GASP IV
simulation package13 ia used to schedule pro-
cess ●vents and to provide other routine ser-
vices. GASP IV c-n execute both discrete-event
●nd continuous time simulations.

Input data include initial valuea for ●ll
proceaa vari~hlea ●nd valuea of the atatiatical
parameters that dtacribe each independent, sto-
chastic variable. Each process step is modeled
separately. When an event ia scheduled in ●

particular proceaa step, the valueo of a?l con-
centrations, material tranmfera, ●nd in-proceaa
inventory ●ssociated with thrnt step are ccmputej
●nd stored in ● data matrix. Simulated data
frcm each proceaa step ● re Otored in separate
data files. These datn are available for further
processing ●nd as input to computer codes that
simulate ●ccountability absaaurements ●nd mste-
rialc balance-.

Iv. Heaaurement and Error Hodele

A. Heasure9enta.

Operation of the materiala measurement ●nd
●ccounting system is simulated using ● Uonte
Carlo comput~r code. This code aimulatea mea-
surements of the “true” materiala flow data gen-
●rated by the model proceaa, calculate appro-
priate cc9ponenta of variance ●nd covariance,
aod tranamita uppro riate measured valuer to th~
data-analysia code.f4

The neaaure9anta simulation code incorpor-
●tes both •dd+:~wc ●nd aulti.plicative meaoure-
ment-error mcJela.15

1. Additive Model. In this model, the
measured value m of a true quantity ~ is given by

a= U+ c + n , (2)

where c is the ● rror caused by instrument impre-
cision, and n is {he error produced by uncer-
tainty in the instrument calibration. Both
errors ● re ●oaumed to be independent and nor-
mally distributed with mean zero and variances
u; and o?, respectively. The variance a; of m
ia given by

G:-!J:+ O:. (3)

All measurement~ obtained from a given
instrument using the same aet of values for the
calibration parameters or? correlated through
the calibration error n. The invariance ‘$3
between the i th and jth measured values is
given by

c1 2=0
ij n“ (L)

,. . Multiplicative Model. In this model,
the measured value m of a true quantity M is
given by

❑ ‘Ft(l + t + n) , (5)

where c is the relative error caused by instru-
ment imprecision, and n is the relative error
produced by uncertainty in the instrument cali-
bration. Both errors are assumed to be independ-
ent an<J to be normally distributed with mean
zero and variances ~: and ~; , respectively.
The variance o~ of m is given by

()
Ll:-t’?lJ:+o: . (6)

All measurement results obtained from 6
given instrument using the same set of values
for the calibration parameters are correlated
through ‘he calibration error II. The covariance

‘i”
i

between thi ith and j th meaaured
va ueu is given by

o -1.1iM.02. (7)
ij J~

3. Fteasurement Simulatirv.. In the simula-
tion, a value for Q is periodl~ally sampled from
the ●ppropriate distribution to cuincide with the
frequency of instrument recalibration. A value
of c ia sampled for each measurement. Variance
●nd covariance terms ● re ●stimzted by replacing
the true quantities U by the ●ppropriate meaaared
quantities. The preciaiona ●aaigned to the mea-
nurementa ●re baued on estimates for similar
lnatrumentation.

B. Hateriala Balance*.

Each mat?rials balance KB is ● linear combi-
nation of meaaured quantities Pi ok plutonium.

n

m-
X

Ci Pi , (8)

i-l



where Ci in +1 if Pi is an input or ●n. ini-
tial in-process inventory and -1 if pi IS m
output or final in-process inventory quantity
for the ●ccounting area. Often, the meaaured
maae of plutonium is given by the product P of
two different measured quantities.

P=xy, (9)

where x in either liquid volume or maao, and y
ic either plutonium concentration or masa frac-
tion. The measureme.at-error model for both x and
y i~ aimiliw tothatgivenin Eq. (2) orEq. (5).

~mx+~+~ and y-y+ c+rl
x x YY

fc- the additive mcdel, or

x - x(] + c + ?-lx)
x

andy=Y(l+t+n)
YY

for the multiplicative model, where X and Y are
true values, and the error components are defined
as in Eq. (2) or Eq. (5). In some cases, the
additive model may be appropriate for one of the
measured quantities (X or Y), whereas the multi-
plicative model is ●ppropriate for the other.
In such casem, a tom. “.ned model is used.

me varianceo~ in the computed V~Iue
of a materials bnlance is a combination of the
vai-iances of the contributing measured values.
Ordinarily, several measurements vill be made
using a given instrument before it is recali-
brated, and appropriate correlation terms must
be included in the computation of the materials
balance variance. The general fo!m of the equ8-
tion used to estimate the variance of each mate-
r;~ls balance is

().~.~,l.:+.:Xz #

x
i-l Y

n

+kz aiaj XiXj Y.Y.
lJ

i-l j-l

(

2 2
. 0,..

)

+ P.. o ,
lJ %x lJ nY

(lo)

‘The quantity qij is +1 if Xi and Xj have
been meaaured with ● ccmxmn value of ~x (ttlat
ia, using the same instrument calibration) arid
is zero otherwise. Similarly, pi” i6 +1 or 0,

depending on whether i● cosason va t!e of Uy was
used in the mcasurementa of Y1 and Y“.
i - j term in the double ●um in Eq. (103 isEfl
component of variance due 10 calibration uncer-
tainty for ● single ●easurement; these tema ●re
present even if all measurement of X or Y ●re
uncorrelated.

Equation (10) IS written for the caae where
the multiplicative model is ●ppropriate for th~
measurement of both X and Y. If the ●dditive
model ●pplies to either measurement, the corres-
ponding quantity (X or Y) is ●ct to uoity.

Ptea-ured values of net 9ateriala transfers
and initial ●nd final in-proceaa inventories,
●-em with ●ppropr ‘te components of vmriance and
covarianre, ● re comp~.?ed by the maaurement sim-
ulation code for each materiala balance period.
These quantitieO ● re ufflcient for computation

of materials balancea, cuaums, and the other test
●tatistica described in Ref. 14.

In te,.~s of the net tr~nsfer T (inputs pcmi-
tive, outputa negative), initial ilventory Ii,
and final inventory If, trw mate ials balance
equa:ion becumea

Ktt=T+I. -If. (12)
1

In some of the proposed ●ccounting strategies,
the terms in the computation of the materials
balance variance, Eq. (10), arising from calibra-
tion errors in the invento~ measurements approx-
imately cancel becauae two inventory measurements
appear with opposite signs in each ❑aterials
bal.anct ●quatiotl. The mu+gnitude of these telms
is (Ii - If)2 O?. In such cases, if the
model proce~s is operated near steadv state so
that Ii ‘ If, the contribution to Qh
is relatively small; that is, calibration erroxs
in the inventory measurement nearly cancel. In
the error model, perfect cancellation is assumed
for those iz-procesis inventories in which
Ii ● If, ano On is set to zero for the asso-
ciated in-process inventory measurements.

c . Cusuma.

A cusum is computed after each aaterials-
balance period. It is the aum of all m~terials
balances for the unit process since the beginning
of the acco,]nting interval. :he cuaum variance
is q complex combination of the variances of in-
~ividua] materials balances, because these bal-
rnces usualJy are t,ot independent. There are two
principal scurces of correlation between mate-
rials balancea. The firat is the correlation,
discussed previously, between measurement results
obtained using a conznon instrument calibration.
The magnitude of the associated covariance terms
depend on the magnitude of the calibration error
●nd the frequency of each instrument recalibra-
tion; tmisaion of these terms can cauae gross
underestimation of the cuaum variance. The
second source of ~orreiation betwee.1 msterials
balances io the occurrence, with opposite signs,
of ●ach meaaured value of in-process inventory
in two ●djacent materials balances. As a result,
only the firat and Iaot measurements of in-pro-
cess inventory ●ppear in the cusum, and only the
corresponding variancea appear in the cusum
variance. %e cuom variarice ia computed IJ
an equation that haa the same form as Eq. (10

v. An Example.—

The modeliug ●nd simulation approach
best be illustrated by ●n example. For simp
ity we will look at ● single unit procebs.

ing

can
ic-

:’. The Model Procey~

In order to model ●nd simulate the operation
of ● unit process, we must collect ●nd examine
its physical tint-! operational characteristics.

The feed-blend tank of ‘. coconversion
proceac will be used aa the ●ample model pro-
teas.lb The tank, illustrated in Fig. 1, is
used to blend ● coprocessed U/Pu nitr@te solution
from ● chemical ●eparationrn faciiity (stream i)
with ● natural uranitm nitrate solution (stream
2) to obtain th~ daaired pltstonivm concentration
(-lo%). This tank will be used in parallel with
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The model process.

other #imilar tank# to fetxl a nitrate- tb-oxide
coconversion process. The tank has a capacity
of 18 000 L ●nd will u-ually be filled to about
16 000 L.

The ~ersting procedures ●nd assumption*
● re:

1. The heavy metal and plutonium concentra-
tion r-in constant for ●ach stream
once the concentration it determined;
i.e., it is sasumed that kolutions from
the tsnks feeding streamz 1 ●nd 2 ● re
well mixed ●nd that the feed-blend tank
contents will be continuously mixed.

2. Once the feed-blend tank starts feeding
the process it will continue until a
heel of 12 ~ 0.12 remains in the tank.

3. After the solution from chemical sepa-
rations io received ( 14 000 L) the tank
inventory will be sampled ard anaiyzed
to determine the U and Pu conten~ ●o
tkat the desired Pu concentration can
be obtained by ●dding uranium nitrate.

4. After the uranium nitrate solution is
●dda;’. tbe tank ia sampled and a chemi-
cal ●nalyaia ia done. The tsnk will be
isolated from the system until it ie
needed to feed the proceaa.

5. Only one of the parallel streams will
be operating ●t ●ny given time,

6. The flow rate of solution into &nd out
of the tank ia linear over ●u$fi~iently
nail time ●tepa.

The continuity equation (Eq. 1) must be
solved to model the dynamica of the process. The
mount of plutouium transferred :.n●ny given time
interval (tl,t2) ia riven by

J
‘.2

~.c F(t) d~ . (12)
t]

Aaauming tha flow I- ~i=~ar in the time interval

(aoaumption 6 sbova), the integral bacomec

P(tl) + r(t2)
8-C

2
At , (i3)

whera At - tz - tl. A similar relationship
can be writtan for the haavy ●etal trauafer (EH):

F(tl) + F(t2)
~.

% 2 ‘t’
(1{,}

whera ~ ia tha hea~ metal concantratioa.
Tha ●olutiom of the contiguity ●quation

(L!q. 1), ovar ● time interval At, can mow be
tmitten. I’ha change in the bulk uaa (W) ia
given by

(15)
- W(L2) ,

where =, =, ●nd R ● re the ●verage m~aa fim

ratea for ●treamn 1, 2, ●nd 3, respectively over

the period Az, i.e.,

F(t,) + F(t2)
F-

2.

lhe change in :he in-proceaa inventory (H) of

plutonium is given by

E - C(w(tl) - W(tz))

(16)

+Clfi Atl-C3fi At3 ,

where Cl ●nd C3 are the plutonium concentration
in stream 1 ●nd 3, respectively (note that stream
2 has no plutonium), ●nd W ia the weight of the
tank. A oirnilar ●quation can be written for the
change in the in-proce.9 invcnt,xy of heaw]
metal by replacing the plutonium concentration
with the heavy me!al cone.atration.

A computer code can now be written to ●im-
ulate the operation of thi6 proceaa. When linked
with CASP IV and other arn?ice aubroutinec (in-
put, output, initialization, etc.), the combined
code produceo the resultn described below.

B. Proce9s Simulation.

Figureo 2 through 4 are ●xampleo of SNM con-
centration, tranafers, ●nd in-proceao inven-
toried from ● day of nimulated operation of this
unit proces9 During this particular day, the
tank feeds the process until the desired heel is
reached; then it is refilled from the chemical
●eparationa plant ●nd the plutonium concentra-
tion ia ●djuated.

Figure 2 ●howa the plutonium concentra~:ion
●nd the solution maaa in the tsnk for thic day.
Note that the concen:ratioo ia constant ●nd the
veight slowly decre~.aea until 11.5 h. At 11.5 h
the tank io almos’. empty ●nd is switched out .*f
line (another tr.nk would be switched in ●t the
same time); tk,e feed from chemical separations
ia started ●: that time, ● a uhown in Fig. 3.
Note that th,: input flow rate is much larger than
the output flow rate; therefore, eventa occur
every 5 r~in inrntead of every 30 min. At 12.42 h
the di).otion of the tank irprocenu inventory
●tartc, ●a shown in Fig. 4. By 12.58 h tne tank
haa haen filled snd will ●wait aaaay ●wd aubae-
queut draining.

Figure 5 shows the Elutonium concentration
c,nd flow rate of the stream feeding the proceaa
line during this example day. At 11.> h the
concentration changea ●bruptly becauae feeding
tanka ●re avitched.

c. The !teaauremeot Mode~.

A measurement model must now be constructed
to convert th, true values calculated by the
model proceaa to observed valuec. The fir-t step
ia to write s materiala-balance equation about
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euch unit process accounting area in the facil-
ity. For this example ● single unit-procese
accounting area is formed ●bout the tank.

and
n

W1 -Atl ~ ai Fli ,

i-l1. F?aterialo Balance. This unit process
has two Inputs and a single output. These
streams do not operate aimultaneoualy, ao that
three separate materials-balance equations can
he written. Each materiale balance will contain
an initial ●nd final inventory and th~ net
amount of material t~at has been fcd into or
taken out of the tank.

The materials balance for stream 1 (MEl) is

where

i.e., T1 represents the total amount of SNF!
transferred into the tank frtm chemical aepara-
ticns.

The materials balance for stream 2 (XB2) is
n

Ksl-cowo+cl x Fii fit, - Cft Wfc (17)
?02 - tit Wf, - Gf Wf , (19)

i=l where the subscript f denotes values after diiu-
tion ia complete. Note that stream 2 contains
no SUM.

The amterials balai.:a for stream 3 (HB3) ia

where Co = the in-process inventory initial
concentration, W. = the in-proceaa invent~ry
initial weight, ●nd the aubacript f’ de.!otes
valueu Kt the tiwe feed from chemical ●eDaratAuus MB3i = C(AW - T3i) ,

i

vhere C is the SNh concentrate

AU. - W.
1 1-1 -Wi,

“i3. - fii At
1 3“

(20)

on in the tank,

in complete. This m~terials balance- can
rewritt n

?fBl=Co Wo+T1-Cf, Wf, ,

where

T] = Cl Wl,



and the ●tbscript i denotes the time- at whtih ●

materials balance ic closed. In this example ●

mater ialo balance ia closed -every 30 min.

2. Platerimla Balnnce Variance. The vari-
ance of the firct materx~~b~im given by,

2 .(?02 ●<U: +C120;,
‘ml o w

o 0

+ 2W0 WI Cov(co,c,)

- 2W0 Idf, Covico,cf,)

- 2wl Wf, Cov(cl,cf,)

- 2C0 Cft Cov(wo,wf,).

(2k)

The three concentration measurement are corre-
lated bccauae all three chemical ●nalyses will
be done in the same laboratory uuing the same
techniques ●nd calibration standsrda. The veight
meawrementa ● re correlated becauae frequent
calibration of tank measurement apparatus ia not
●xpected. The ●dditive error model is ua~d for
weight and the multiplicative ● rror model is ueed
for concentration; i.e., w - w+ c“ + nw and
~= C(I + cc + rlc). Expanding the variance
terws in the above equation lead~ to

2

+ c’ ‘t; <f i i aiaj “iFlj
00

(

(22)

+ 20
2

llc
W. Co T1 - W. co Wf, Cf,

)- Tl Cf, Wf, - 2C0 Cf, 0: .
v

—.

The variance ●quations of MB? and H33 ●re similar
to o~l ●nd are given by

●nd

2 2

1( )

2

0UB3i - c3i ‘i-1 - ‘i - fii At3

. (24)

.

()

{+( +2”:
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3. Cusm,. The cumulative summation for the
sample day is a combination af all three ❑ate-
rials balances and in ● linear combination of the
net tranaferc and the initial ●nd final in-pro-
cess inventories, After n materials balances,

n

Csn - co W. - Cf Uf + cl htl
E

ai FX.
1

0
(25)
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where Co W. is the initial plutonit.m in-pro-
cess inventory, ●nd Cf Uf in the final plu-
tonium in-protean inventory.

h. Cusum Variance. The total variance of
the cuaum ia ● linear c~ination of the net
transfer variances, the correlation between net
tranafe~w, the initial ●nd final in-proc~ss
inventory varianceo, and the correlation between
the initial ●nd final in-process inventories.
The cuaum variance ie given by

+ 202
n

(
-cocfwowf+coclowo~o -coc3wo~

)
-cfclwfwl+cfc3wfw3 -CIC3W3W3.

c



Note that in the ●bove ●quation it is ●ssumed
that Co +cf#cl+c3. If the cusum is
taken over ● set of materisls balances where
some o: the concentrations ●re equal then the
variance of the cusum will change. For ●xample,
if the cuaum is taken mer materials balances for
only stream 3 (the concentre.t~ons are ●ll ●qusl),
then the :usua variance ●quation will be like
Eq. (21). Extreee care -St therefore be ●xer-
ciaed in programing the measurement #ystem in
this caae.

D_t4ea6urem2nt Simulatio~
The measurement ●=ore that were used in

this simulation ●re given in Table I. Note that
the mast ● rrors muut be multiplied by the load-
cell full-scsle reading. Alto note that the masD
● rrors ●re ir unitm of kilograms because an
additive measurement mdel is used.

TABLE I

HIMSUREtfEhT ERRORS

(x 10)——- (% 10)

Concentration 0.1 0.1

na8s 0.15 0.1

Figure f 6hows the materials b.zlance chart
●nd vne cusum chart for th? day when the tank
feed8 the process, is refilled, end the plutonium
concentration i- adjuated. ‘igure 7 shows the
materials balance chart and cusum chart for e
more typical day of operation in which the tank
feeds the process all day. Note tha+ the mate-
risls balancec are ●lmoat never zero becauae of
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0 5 20 2s
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t?
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Fig. 7. Materiala balance and cuaum chart for
one day-process line feed only.

measurement variability. The materials:’balance
on Fi8. f, at 12.42 h, is drawn about the mate-
rial tran.,ferred from chcmi-al separations (aec
alao Fig. 3). The large standard deviation
results from the large amount of material trans-
ferred. Frcm 12.42 h on, the error in this
transfer dom:.nates the cusum error. It is impor-
tant to note that we do not have to take the
cuaum oVe7 that eqtire 24-h period. ‘de could end
the cuaum at 12 h ●nd .atart another cuaum or
examine the large tranafer from chemical aepara-
tic~n alone. This alao auggeats that it may be
advantageou~ to close the materiala balance by
an inventory measurement before and after the
transfer ●t the feed-blend tank ●nd the chemicsl
separationa storage tank, thereby avoiding the
relatively inaccurate flow measurements and the
correlation between flow measurements.

The msteriala balance and cuaum chartn for a
day when the tank ia feeding the process (Fig. 7)
shou that the ● rrora are significantly lwer
beceuae we ● re not tranaferxing as much material
per ba!ance period. Remember that Fig. 7 ia more
r preaente:ive of normal npera~icm because the
tank feeds the protean continuously over ● two
week period.

~. Conclusions

?Isdeli~ ●nd simulation techniques are
valt!eble tools in the design and evaluation of
materiala measurement ●nd ,ccoanting systems.
These techniques are used to establish
qt,antitative levels of ●enaitivity, to identifY
measurement control problems, an~ to test and
●v~luate different measurement strategies.

Fig. 6. Materiala balan~e ●nd cuau charta for
one day-feed, fill, and ●djust.
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